Developmental study of ouabain inhibition of adrenergic induction of rat pineal serotonin N-acetyltransferase (EC 2.3.1.87).
The activity of arylalkylamine N-acetyltransferase (EC 2.3.1.87), the rate-controlling enzyme in melatonin synthesis is stimulated approximately equal to 100-fold by an adrenergic cyclic AMP mechanism in both neonatal and adult rat pineal glands. This stimulation is blocked in the adult gland by the depolarizing agents ouabain (1 microM) and K+ (80 mM) (Parfitt, A., Weller, J.L., Klein, D.C., Sakai, K.K., and Marks, B.H. (1975) Mol. Pharmacol. 11, 241-255). In the present study pineal glands obtained from prenatal to adult rats were used; it was found that K+ (80 microM) inhibited the adrenergic stimulation of N-acetyltransferase activity at all ages but that ouabain (1 nM to 1 mM) treatment was not inhibitory early in development. In contrast, in the neonate, ouabain (1-100 nM) enhanced adrenergic induction of N-acetyltransferase activity, and ouabain treatment alone (1-1000 nM) stimulated N-acetyltransferase activity. A small stimulation was also seen at one concentration (1 nM) in the adult. Analysis of the development of high affinity ouabain binding sites and Na+,K+-ATPase activity in the intact pineal gland indicated that the developmental pattern of both resemble the development of ouabain inhibition of the adrenergic stimulation of N-acetyltransferase activity. All are low for the first few days of life, gradually increase during the next 3 weeks of life, and then approach adult levels. Similarly, ouabain (1 nM to 1 mM) had no effect on 86Rb uptake in the 2-day-old gland but blocked (IC50 congruent to 20 nM) 86Rb uptake in the adult gland. These findings indicate ouabain probably has little inhibitory effect on the norepinephrine stimulation of N-acetyltransferase activity in the neonatal because a high affinity ouabain binding form of Na+,K+-ATPase activity, similar to the alpha + form identified in rat brain, is at very low levels in the pinealocyte. Accordingly, it appears that an ouabain-insensitive mechanism in the neonatal gland maintains membrane potential and that this mechanism plays a less important role in the adult. The explanation of why ouabain alone stimulates N-acetyltransferase activity and why it enhances the effects of norepinephrine in the neonatal pineal gland might be that ouabain acts on surviving neural elements present in the gland to cause the net release of a transmitter, perhaps norepinephrine, which then stimulates N-acetyltransferase activity.